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f^4 (57) Abstract: A light in^iatorforuseinalaserahnealercomprisingafintsplitting section (16) andasecond splitting sec^ 
^ for splitting a single laser beam into n laser beams, and a section (21) for combining an m-th laser beam (m is an integer between 1 and 
^ n) exiting from the first splitting section (16) and an m-th laser beam exiting from the second splitting section (20). The first splitting 
section (16) and the second splitting section (20) are composed of an identical optical member and located at inverted positions. 
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^l©^^i!lg|5 1 6 *»e,m*r$nfe4 2|s:®U-1f^ (L1 1-1~L1 1-4) 

«N ^ ^— 3 5 J:: J; ^)Mf^^^^fe^^ -:&©® (^:JlTs ^®i:V^5o ) ;ip?>t: — 
ix:^.^^ y ^ 3 4lzxm^ti^o Sfex ^ 2 ©3fe^i!lgp 2 0 A^^tBS^^nfe 4:*: 
©U-— tP^ (L12-l~L12-4){i. ^l ©^^giias 1 6 A^&©U— if^feAS 

AS*$tife®i:M^ii!i©® (;^Tx ^[s^iv^5o ) *>^> tr-A;:^ry ^ 3 4 ic: 
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T'J ^ 3 4®^^88Ml::*i:UTs m^cD^Sfli (0° <<^<90'' ) -^XS*^ 
tl-5o {ib> m 1 03t^S!iep 1 6 A»e>tHm^tlfcb— if^ (L 1 1 -1 ~L 1 1 - 

4) m2®^^i!lgP2 0 A^e>tBM$tl,75:U— If^ (L12-l~L12-4) 

^ fjds mi (D^^wi^ 1 eii^^mm^titzm i<d\^-^%i. i i - i i:, ^2 

(D%^mU2 0*^e.tBW^tifell 1 ©b— tf^fcL 12-1 iifi, t-A;;^^'; y^S' 
3 4©^^9«IBi®±©|si-cD<sig ^® il0^tv^{ife 5 ) \zxm 

$nSo m 1 £D3fe^i!lgP 1 6>{p^ttlS*$nfe^2.©lx— if^L 1 1-2 i:^ m2<D 

%^m^2 o*»?>tB*r^nfem 2 ® p-tP^L i 2-2 ht*. if-A;^ru ^^/^j^ 3 

^3©^-- tf^L 1 1-3 ii. 2 O^^SOgp 2 0 A^e>tB*r^nfem3 0U— 
L I 2-3 iifi. tr-A>^7-iJ y iJ' 3 4©:)fc^ii®±Ol^-0-fegl3AS*$nSo 
mi©^^iygPl 6 A>e>tHII*$tlfem4 0l/— tf^L 1 l-4i:> ^2©^^i!|gp 
2 0 A*^ttl**$tlfelg 2 ©l^-^f^L 12-4 iifi. t:-A;^r'J y^ 3 4<D^^ 

^^eo-ts m 1 ©^^iogp 1 6 *^5>tHm^n;tm 1 ©w-— if^L 1 1 -1 ©MS^r^te 

(L 1 1 - l_r) ^2 ©3te^SUIfB2 0 jb^ e> tHM^ ti;^^ 1 ®l/-1f^L 1 2 
-1 ©^Ji^ (L 1 2-l_t ) i:d^llIWi±lc^^^tis tH;^j^L 2 0-1 iib-cm 

*r^ni>o ^ 1 ©^fciS'Sflgg 1 6 i>e»tti«^nfcm2©u— tf3fcL i i-2<DKm^ 

(L 1 l-2_r) m2(D^^Wm2 0 *^ ^ tHI* ^ nfeS 2 © 1/ — tf ^ L 1 2 
-2©S3i^ (L 1 2-2_t) i:*splltt±{3-&^$ns tB:;^J3feL 2 0-2 iibTiil 

m^ti^o mi(D^^pmi eA^^aitt^nfems©^— i 1-3©^*^:)^ 

(L 1 l-3_r) m 2 ©:)l6^SagP 2 0 A> tBI* ^ tlfe^ 3 © b --»f 5^ L 1 2 

-3©^ii^ (L 1 2-3_t ) j:*5i^i(ft±jc^^^n. mt}^h2 o-stvxm 

*r$tl5o m 1 ©:)fc^i!lgP 1 6 A>e,£Btt$nfem4©l/-1f3fcL 1 l-4©S*f^ 

(L 1 i-4_r) hs m2©^i0>sagp2 oi^^mm^tirzm4o\y-v^L i 2 

-4©^ji3fc (L 1 2-4_t) i:A«Pl«|±tz^46^n> iHtl^L 2 0-4tVXtii 
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(L 1 i-i_t ) iiv m2<D^^m^2 oij'^mm^titzmKDu—^f^h 1 2 
-i©>E**^ (L 1 2-i_r) i:A*piitt±i3^^$ti. mtiytL 2 o-st i^xm 
m^n^o i 6i!fi^Bim^nrzm2(Dv~-v%L 1 1-2 (Dmm^ 

(L 1 i-2_t ) m2<D%^$m2 oifi^mm^tirzm2<Diy-v'^L 1 2 

-2(0&,m% (L 1 2-2_r ) i: AS|lIipfi±l3^^$ tls mtS%l. 2 0-6 i: LTtH 

(L 1 l-3_t) i:. ^ 2(D^^iiJgP2 0*^e>ttJ«*$tUfc»3® U--lf^L 1 2 
-aoMW^ (LI 2-3_r) J;i6S|^«(±lc^^$tis mts%l. 2 0-7 i: LttB 

(L 1 1 -4_t ) J:. m2(D%^n^2 0 >iP^tHS*^tvfe^4 O U— 1f^L 1 2 
-4®H*r^ (L 1 2-4_r ) i:AspIf|l|±l::-^^$tv. ^ts^-L 2 0-8 bT£H 

ai:d^L 2 0-5~L 2 0- 8}*^ ^-3 eidj; DMAJ^tls tB:fj^L2 

o-i-L 2 0-4 ^:¥^^^i:^tlTml^$n^o 

^^l5®lBB^^*s|HI-i:tcoTv^;g,o ^fes M 1 1 6 tm2 ©^^iugp 

2 0i:*s. itil^-r^ u -if ^®:)teipIli:;&|qi;£cj3>C;>$llli: Us ^©if't^Wlic:^ bTSV^ 
tc: 1 8 0 ° MilgbfeiBHi:ti:orv^So $ 5)13. ^ l ®|^Jjg©ff$^© i^— if 
O-Ctt. 5te-&^«iS2 l^c:J;o•r^ ^ l ©^fetS-iOgP l 6©^m (1 
^n) ©l/-^f^L 1 1 -ini:l|2cD^^i!lgP2 0 ©^m© 1/ -1f ^ L 1 2-mpI 

- > *i S V ^ tc: ^ 15; i: :^ o T V ^ ^ ^ gS ^ M 5® b T ^ id ^ n fc — If ^ 1^ ± ^tg L 
TV^€»o «£or. m 1 ©^JS©^^^©P-1fT::^-;i/^B 1 OT!Jix Msg^Mtc: 
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So 

• 2-L 2 0-8©giiJ^lt^^^brv^So 

i^OH 6 fc:^-r«fco tc, ±i3©lfe#T- 8:$:o l/--lf^L 20-l~L20-8:& 

&*3s IS 1 1 6Syf^2©3fc^g!|gP2 0<Z)*-f*:«aji: UTTs n = 4i: 

•r-^t>%. ^^muizm^^ti^B s(Dm.^i5: at ^ n}iii commit, m 

T©5S; 2 js^r-r :fe D J: S o 
n= 2 " • • • ( 2 ) 

m= 2 <^-'> . . . ( 3 ) 
T = 0.5i ...(4) 
R = 0. 5i (5) 



wo 2004/042807 




IPCT/JP2003/013648 



18 

t O^L/ (2COS0) • • • (6> 

i) t-.A:;^^-'; y^Bs ( j ) tomcDmmt ( j - i) ^> d!,<D^nzm-rii ■ 

t j ^ ( (.2 'J-'> -1) L/(2cos0) ••• (7) 

M ^ d twSBg ^ 1- i) igj-S *5 $) o 
. >;/^i;. MI*^i:cDEB^t 0{*^ 8 {::^-r his D 

t O^L/ (2 ncos0) • • • (8) 

^ t-A:;^7-U s (j) fc©K<z)^ait (j-i) i)t®^9 

t j ^ (2 -l)L/(2ncos0) •••(9) 
ii® J;^f::if~Ay^7"'J ^ §13^1" § e: i: J; or> 1 If if- A 
SV^^3'f >n t)5.o^^i)SpI— C0n*<O¥ff)Qt^— If tf — Ak:^ 

^2©|IJ|gOff^^ 
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m 7 JC^-r*^BJ(w^^ l/-1f:P--;i/^B4 0 {is ^1 CDT7^4^-^ 1 5 i}> 

^ ai W ^ nfe b -if 5fe 1 121 7 143 X ^ ipi ©7j<¥:& ifli 2 *® --If 3te tc^gy t- 2. ^ 

1 ©;?l<¥^^i!lgP4 IJi. m2(DT7-^-^ i 9 A»^)ttlM^nfeU-if^:&7Jc¥ 
22|s:oU-1f:)fcl3:9>i!l-r'5^2©7k¥^te^itJgP4 2 ^ 1 07k¥^^S!) 

gP4 1 K:«kD^i!i^nfe2*<z)P— tf^;£Ei7it«Y:;^iqi©Sii:;&iqiic:4^iijbt: 

4 2 izj; D^S!l$nfe2:2^©U'— ■tf3te^Sie:&[qIl3 4^g!ib-r-^ti-8 2^®l/— if 
:)fc&tB;tj-r^^ 2 0.Sit:)te^SygP4 4 |g 1 ©MiS^^SOgP 4 3St>*^2©S 
fi^^S!lgP4 4*^^,ail^^tl>t#8*0^— tf^^^S-^LT 1 6*CDl/-if5fe<& 
tB«-r^^'&^gP4 5 ii. 1 6ffl©i0iI/>X*^e»i^fig$tl^^fiSg|5 4 5 5{p^tB*r 
1 6 2p!:cDU--»f^ASAW$tl5P>XTU-f 4 6 U>XTW-f 4 6 A» 

II 1 ©T^^^v-^ 1 5 >{)^e>iilf^$n;^c^— if^fi. m i ®7K¥3fc^i!i^fP4 i 

4 2JcAM$n§o • ■ 

{3q^fT^;IM^3e 2*©i'-if^5£Hi«"r^o H 1 ©zfc¥3fet9>iagP4 1 *»e>tti*r$ 
©*¥^;&i!igP4 1 *^e>ms*^n^ 2*©^— !f^(is svNj3^^!4©^vM^— 

^)^ 1^-- lf^©XStPA»e> U-tf^©f±i**P^T'©^teli§©«$dSx 22pi:©U-lf 
^S^c:^•rS^coTv^;5, $e>K:s -^o^^lStciH i © u-if5feM l 3 j; 
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^t9'SagP4 1 i:^2©7l<:¥^^i!lSP4 2 i^-if ^©3teiWi;&lPl*4' 

4 1 2 ®7k¥3fe^iygP4 2 H 7 i^'Z:&|qi©i/-if^®ms*;&iR)Jc^b 
-C 1 8 0 ° ©ttlHlte b felHg ^ o t ^ o 

IS 1 ©7jc¥^^S!lgP 4 1 *»e.dtil*$nfc2*©l/— tf^tt. ^ 1 ©Mtt^^«!l 
g|J4 3 lcA*r$tis ^ 2 ©7k¥5fe^S!ISI5 4 2 A» tB*r$ tlfe 2 2|s:© U -1f 3fe{iS 
2©Sit^^SygP4 4l3AW$n-5o 

^ 1 ©sa[3te^ia^4 3t*s 0 7 it«x:)^iq|j^¥^f ^c:3e^;e2*©^— tf^©^ 
ti^n^3f4irlcEI7 4iY:$lqllc:4^iybTm:t;-rSo m.-^X. ^l©Sfi:)fe^S!j 
gP4 3A^e>{i. ^ti-8 5^© P-if^te^saji^^tl^o ^ 1 ©SiS7fe^i!lgP4 3 A^?> 
tHI*$n§ 8 2^® 0 7 i4'X:;&iqiJ3 2^J. HI 7 ft" Y:&Iri13 4 ^J5tfe^;e 

V h U ^^y^5Ki:$n•rv^:5o ^ 1 ©SiS^^SU^ 4 3 A* ?> ffiW^ tlS 8 * 

©u— tf^ttx ^v^^c:T#^4©^v^^— tf^^:$nTV^€)o u-lf3te© 
AS*PA>e) l/-1f:)te©m^n*T?©^BS©i^$i&Sx Sit:)&|ql©l/— tP^^lc^t 
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=^m^Mu±(Dmifi-o\-^^tix\^^^o m lommift^m^A 3 its m^it. mi 

ai*r$i^i) 8 2|5:©i/-tf3tett. EI7tt'X:&iqiic2 Jij. El 7 Y:&|qii:: 4^JM^3e•x' 

I/ — - lf^«s SV^t3T^^4©;&V^^-1f^^l$ntV^;5o «?IJ^«> lf^©A 

^Eg^ii>L±©^Aso{^e>t^-t^/^^o ^ 2 ©Mifi^^SlIgiJ 4 4 {i^ ^ 7 Jc: 

^bfe^^SygP 1 6^m 7 tfZ^&lq^^ttutxJC- 9 o^iiite^-&fe*©T!iis-r s 

dClfs lasiz:^ 1 ©7fc¥^fc^i!lgM ^ 1 ©ilut3fc^Syg|5 4 S^tJf^fc'^^ 
gP4 5 J&ia 7It^x;&|qI)5p?,mfe^*^b^ 13 9 2®7j<¥^^S!)gP.4 2. ||2. 
©Sifi^^f!|gP4 4:Rt>-^^^gP4 5 7 El^x^&IqlA^^mfelll^^l-o EI 8 S 

xj^m9 iz^ir^oiz^ m 1 (Dmm^'$^w\3 4 3 tm2(Dmm.^p}^4 4 tit. s 

V^^3|l-©:)te#g|5^^;£fflV^s ■e©^^^§|5*J©F«3gP©iBgAS|^--??afe ^ o '^au^ ^ 

1 ©stt^#i!igis4 3 i:^ 2 (Dmm.^wm4 4 tit. mm-n b-if^©^?!!!;^ 
^ 1 <Dmm.^^wm4 3Rvm2<Dmm^m^4 4*»e>tB*r^nfe-eti^ti8 

*©l^>-1f^{i, 5^-^^515 4 5 AM ^n^o 
^^M4 5{i. ^1 ©S-il^^S!ia5 4 3 >b^^ffll^$n;^c 8;$:©L/--tf5fe^ix 

m 2 ®se^^i!i^4 4 /b^e>tH*r^nfe a^cDu-^'^t^m-^v. x;^[qi©7j< 

¥;5iqi4^J. Y;&|Ri©Sit:&lRa4^Ji::M^;ev h V ^ :^^<Diy-V^m^aim't 
So CI©^-^^gP4 5©4ififett. ±m\^t::^^M2 1 |^I-©;^J5fc-C S o -(& 
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: 1 i:^o-rvN€)o 

Sl^^nfe^. --:&<Dm (WTs ^®i:v^•5o ) e> br- a;;^ u 'y 3 4 (3 A 

ilVA^o ) >b^^ If — A;:^7*U >y ^S' 3 4 t3X*r^tl^o 

m 1 ©Stt3te^S!ia5 4 3:Rt;f^2©Sift^t9>g!lg|5 4 4 e> tiiSJ ^ tDfe-grH" 1 6 
*©i/— tf^tt. if-A;;^r«j 3 4©^i&ggMlc:^Ut:. (0 

<<^<9 0" ) TASj^tiSo -(aus ^ 1 (Dmm^^wm4 3*»$>iti*f^tife 

^^iz, » 1 CDMiS^^illgM 3 ;6^^mW^nfe (s, t) ©fig© b -if 3!6 

ts m2(Dmm^^w}^4 4ib-*^mm^nrz (s, t) ©tegcDl/-1f3fei:{i^ 
v>t±fes) uiAiJ^nSo ciz.t?> (s, t)li^ 2x4©Tb y ^:;^)t^©i/ — 

V^^fdOiSLW^m'to s, t{i. -^tl-^tis = 1 , 2. t=l, 2, 3, 4 

(Dm^h^o o^t)s V h U i^;^!*!!?!^— -IftttOlx— 1f^|^±AS, |^I(ll|±tC'a-J5K 

3fc-^^gP4 5*>^>di;^$tlfe 1 6 2|5:©ai:^Jl/-1f^{*s U >XT U -f 4 6 Id A 
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2 ©;d<¥:)te;9>i!l^f|5 4 2 iiCDM^. ^ 1 ®SiS3fc^iOgP4 3 tm2(Dmm^^m^ 
i!|g|5 4 3 A^f>tB*r^nfeP-1f^i:^2©Sit:)fc;0-SiJgP4 4 ij^ ^ tltcly — 

^r:>x. m7iz^-ry!^mmizm^u-VT-—)vmm4oxit.. ^mmmz^ 

AS t? § ^5 d ^ H ^ 13 i: o T ^ t? -5 „ 
^ tie © ijfe b: - A © ^ S H — -r § c: i: *s t o 
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1 . ^\^'-jx^^j&js^v(]^mhxmj&%RV'!^m^\:i^m'r^ i \>j.±(D^.^mm 
^mvrz%^mmt:^n. i*©^br-AAsxw$n. xst-^nfei*®^tf- 

W $ tife 1 2|s:® ^ A ?&±gB 1 iik±(D^^mm^m}M ^ § c i: J: r 

J: t)^bfe^l^S©mv^)^S^3. l #a**e» nS@^'^iiite>£rtttfe ^ 1 © 
tBW^^tcj; t)^^$nfe^m#@ (mtt 1 5?p?>ntT©^55t©^iSc) ©^t- 

Ai:. m2(Dmm^mz^y)^^-^nrcm (n-m.+ i) ss©.:)tet:-Ah*i^i 

2. ±m%'^^^mit. xi*$nfe^t:-A^M*r:5:th'^5itT 2 2^©^t-A 

l^i^iOf ^5 ii-A:9-iO®**b> ±IBlf-Ai&gOffit3{i. -:;&©Mffi!l3{pe)m 1 © 

mm^mii'^mm^tirzn:^(D^v:-2^i^xm^n. ±iB-;^©®©mtaiB!ii:^c 

i)^&:i^©®fl[|*^e>^ 2 ©aiS*#^i»e>aiW^nfen2|s:©5fcbr-A*sA«t^tu. 

^ 1 (Dmm^m<DmmE<D^}£- 2x(Dm^^tm 2 (Dmm^m<D (n-m+ 

1) #@©^tf-A®HW^^<&lMlW±tw^fi&b. 

n 1 (Dmm^m(DmmE<D^):^-A<DRm%tm 2 ©tHw^is© (n-m + 

^;en*©^t:-A&^ ±fBtr-A;9-SyiBK:?^bTa3*rbx 
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k+i ktt. 1 JiJL_h ( j - 1 ) jjiT©^lBt) #@©if-A>^ry 

s i^r ^ ^ ± IBM I* ^ t j±i It b > 
^wai*rb^ 

±iBk#@©»f-A;;^7'y y ^©^t0>g|i®i: (k+i) #a©br-A:^ru 
^J^©:)fc^]|ii®©^©j^iii. aet5i3, A;^r y ^j'o^^siim^MM^©^ 
Mm® ii©r^©K§^«. %mt^ib\i!im-^t\.^%\fi~h(o^n^fio%^(o%^m. 

5. iflia©t:~A;^ry 5/^©^^ill®i; (k+i) ^g©br-A;^r y y ^ 

<D%^mm}i(Dm(D^mt k^^ ^tr-A;^r y y^icxw^tis i/—- if tf-A 
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=^^^mmm(omn(Dm^m^nhi.rziin. (2 -d xl/ (2 c o s 
mmiL±BB.mm(D%^mmii<Dm(om^(Dm^^^i^tLtzt^. l/ (2nc 

^ lZ^tJ^^2®ai*r^^*^e>tB«$tifen*©^br-ACDSB5?iJ:&lRltc:*fbT 
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